I
t is well established that the obturator nerve arises from the ventral divisions of the second, third, and fourth lumbar nerves. The nerve descends through the fibers of the psoas major muscle and emerges from its medial border. The obturator nerve runs along the lateral wall of the lesser pelvis, above and in front of the obturator vessels, to the upper part of the obturator foramen. Passing through the obturator canal, the nerve extends to the thigh. During this course, it divides into anterior and posterior branches. These branches are first separated by some of the fibers of the obturator externus muscle and are then separated by the adductor brevis muscle. After a short course in the inguinal region, the anterior branch of the obturator nerve runs between the adductor longus and adductor brevis muscles. In contrast, the posterior branch runs between the adductor brevis and adductor magnus muscles. During this course, the 2 nerves divide into branches that supply innervation to the abovementioned muscles. 1 Obturator nerve block is not routinely performed because nerve localization and clinical evaluation of the nerve block_s success can be difficult, and time consuming. One possible reason for these complications is the high anatomic variability that the nerve demonstrates at the level of the inguinal region. Studies have described anatomic variations of the obturator nerve, 2 but less is known about the exact number of divisions and subdivisions in the inguinal region. Indeed, there have been relatively few anatomic reports on this subject and those that exist are based on a small number of specimens. 2, 3 Therefore, this study was conducted to provide a detailed description of the variability in the obturator nerve branching pattern at the level of the inguinal region in a series of anatomic specimens, and to clarify the potential usefulness of such a description in the implementation of regional anesthetic techniques.
METHODS

Anatomic Study
For this study, a series of 84 adult human formalinembalmed cadavers (54 male, 30 female, 72 T 12 years of age, 67 T 15 kg) were used. The study was based on a macroscopic preparation of cadavers in the dissection room of the Anatomy Department at the Medical School of the University of Athens (Athens, Greece) in compliance with strict institutional and federal regulations. The dissections were performed by anatomists, and all cadavers (donators) were used for teaching of medical students and in the training program of the department.
The obturator nerve anatomy was examined bilaterally and variations in its branching pattern were recorded. The anatomic preparation of the obturator nerve included its extrapelvic course and its main divisions (anterior, posterior, and articular nerve branches) in 168 human specimens. More precisely, after removal of the skin and the subcutaneous tissues of the anterior and medial thigh, the sartorius, pectineus, and adductor longus muscles were dissected free from the anterior fascias. With great care, the pectineus and adductor longus muscles were dissected at their fascial septum and were incised in a transverse pattern to expose the adductor brevis and external obturator muscles lying at a deeper level. The anterior branch of the obturator nerve was identified within the connective tissue covering the adductor brevis muscle. The course of the posterior branch of the obturator nerve was exposed after dissection and anterolateral removal of the adductor brevis muscle. Both branches of the obturator nerve were followed cranially and caudally, and were carefully dissected from the surrounding tissues. Special attention was paid to the point where the common obturator nerve divided into its anterior and posterior branches, as well as to the identification of the articular branch for the hip joint.
Ultrasound Study
An ultrasound study was performed on a group of 20 patients (aged 69 T 18 years, body mass index 18 T 4 [calculated as weight in kg divided by the square of height in meters]) who had submitted to lower extremity orthopedic surgery. Following approval by the local Ethics Committee, a femoral nerve block combined with an obturator nerve block were scheduled for postoperative pain management. The nerve blocks were performed with 5 to 10 MHz linear ultrasound probe (HD11 XE ultrasound machine, Philips, Andover, MA) and Vivid i (General Electric Healthcare, Waukesha, WI). In addition, a low frequency 2 to 5 MHz transducer was used only for visualization of the obturator nerve. The wide field of the beam of the ultrasound probe more precisely defined the anatomic relationship between the obturator nerve and the surrounding tissues.
For the obturator nerve block, the patients were placed in a supine position with the lateral thigh rotated slightly externally. The probe was placed perpendicular to and just below the inguinal ligament, at the pubic tubercle level, and the inguinal region was scanned. The femoral vessels and the adductor muscles were also visualized (Figs. 1A and 1B) . The pectineus muscle was easily identified between the femoral vessels and the adductor muscles. The probe was then tilted cranially 30-to 40-and a thick hyperechoic fascia was visualized (Figs. 1C and 1D ).
Afterwards, an insulated needle connected to a neurostimulator was advanced (using the out of plane technique) within the visualized fascia, and the obturator nerve and its branches were localized with a current lower than 0.75 mA. Confirmation of obturator nerve stimulation was attained by observing adductor muscles twitching in real time, and by palpating the respective contraction area. After successful localization of the common obturator nerve or its divisions, 7 mL of local anesthetic solution (ropivacaine 0.75%) was injected.
RESULTS
Division of the Common Obturator Nerve Into Anterior and Posterior Branches
Careful dissection exposed the division of the common obturator nerve into anterior and posterior branches ( Table 1 ). The point of division was considered extrapelvic when located after the obturator canal, while it was considered intrapelvic when the 2 branches separated as they entered the obturator canal. In 23.22% (39/168) of specimens, the division was determined to be intrapelvic. The division was located within the obturator canal in 51.78% (87/168) of cases. In 25% (42/168) of specimens, the common obturator emerged united from the obturator canal and separated into anterior and posterior branches in the medial thigh ( Figs. 2A and 3A ).
Anatomic Variations of the Anterior Obturator Nerve Branch in the Inguinal Region
The anterior branch of the obturator nerve innervates a variable number of muscular divisions. Most commonly, it is divided among three major muscular branches that innervate the adductor longus, adductor brevis, and gracilis muscles. This anatomic pattern was observed in 66.66% (112/168) of the specimens ( Figs. 2A and 3A) . Two muscular divisions of the anterior branch of the obturator nerve were observed in 28.57% (48/168) of the specimens. When only 2 divisions were found, they were distributed in the adductor longus and gracilis muscles (Figs. 2B and 3B). In 4.76% (8/168) of specimens, 4 divisions of the anterior branch were observed. Those muscular branches innervated the adductor longus, adductor brevis, gracilis, and pectineus muscles (Table 2 ).
Anatomic Variations of the Posterior Obturator Nerve Branch in the Inguinal Region
The posterior branch of the obturator nerve was usually smaller than the anterior branch, and traveled in a thick fascia between the adductor brevis and the adductor magnus muscles. Throughout its course, it supplied multiple nerve branches to the adductor magnus muscle. In 13.69% (23/168) of the specimens, 1 muscular division in the adductor magnus muscle was observed (Table 3) (Figs. 2C and 3C ). This division emerged from the trunk of the posterior branch of the obturator nerve as a thick and easily recognizable formation that was further divided into multiple thin filaments. These filaments entered the mass of the adductor magnus along its course. In 60.11% (101/168) of the specimens, the posterior branch of the obturator nerve provided innervation to both the adductor brevis and adductor magnus muscles (Figs. 2D and 3D) . In 19.04% (32/168) of the specimens, muscular divisions of the posterior branch of the obturator nerve were distributed to the external obturator, adductor brevis, and adductor magnus muscles (Figs. 2E and 3E ). In 7.14% (12/168) of the specimens, the posterior branch of the obturator nerve provided 4 divisions that were distributed to adductor longus, adductor brevis, adductor magnus, and external obturator muscles (Figs. 2F and 3F) .
Interestingly, the adductor longus (7.14%) and adductor brevis (70.3%) muscles demonstrated a double innervation pattern by both the anterior and posterior obturator branches.
Anatomic Variations of the Hip Articular Branch of the Obturator Nerve in the Inguinal Region
Recognition of the articular branches of the obturator nerve for the hip joint presented difficulties in some cases due to their small size and variability in their number and level of divisions. The total number of obturator nerve branches distributed to the hip joint among all of the specimens was 3 in 17.85% (30/168), (Fig. 4) . The articular branch for the hip joint arose from the common obturator nerve or its branches at different levels in conjunction with the obturator canal. In 76.92% (80/104) of the specimens that possessed a single articular branch, we observed that the articular branch for the hip joint derived from the common obturator nerve (Figs. 5A and 5B). From the remaining specimens with a single branch, 19.23% (20/104) possessed an articular branch derived from the anterior branch of the obturator nerve, while 3.84% (4/104) had an articular branch for the hip joint that originated from the posterior branch of the obturator nerve.
Out of 34 specimens that possessed 2 articular branches, the origin of both branches was the common obturator nerve in 47.05% (16/34), and the posterior branch of the obturator nerve in 41.17% (14/34). However, in 11.76% (4/34) of specimens, the first articular branch derived from the common obturator nerve, and the second from the posterior branch of the obturator nerve.
From the 30 specimens that possessed 3 articular branches for the hip joint, the origin of the 3 branches was the common obturator nerve in 53.33% (16/30) of the cases. In 26.66% (8/30) of the specimens that possessed 3 articular branches, we noted that 2 articular branches derived from the common obturator nerve, and the third articular branch derived from the posterior branch of the obturator nerve. In 20% (6/30) of the specimens 
Ultrasound Identification of the Obturator Nerve
With this approach, neither the obturator nerve nor its main branches could be identified. A thick fascia was easily recognized medial of the femoral vessels and visceral to the pectineus muscle with a visibility rate of 100% (Figs 1C and D) . The distance of the fascia from the skin surface was 4 T 0.6 cm. The needle was advanced with the out of plane technique within the fascia plane. Neither the common obturator nerve nor its branches could be visualized within the thick fascia and thus multiple needle maneuvers were needed to achieve contraction of all adductor muscles. Contractions of adductor longus, adductor brevis, adductor magnus, and gracilis muscles (stimulation of the common obturator nerve or its main divisions) were observed in 16 of 20 cases (80%). In 4 of 20 cases, contractions were observed only in the adductor longus, adductor brevis, and gracilis muscles (stimulation of nerve fibers of the anterior branch of the obturator nerve) with a 20% success rate. In 1 case (5%), contractions of the pectineus muscle were also observed.
DISCUSSION
The results of the present anatomic study clearly demonstrate that the branching pattern of the obturator nerve is highly variable. Therefore, examination of the anatomic variability of the obturator nerve may explain some of the difficulties experienced when locating and blocking the obturator nerve either with neurostimulation or with ultrasound-guided techniques.
So far, it has been suggested that a femoral nerve block supplemented with an obturator nerve block provides a better quality of postoperative analgesia following total knee replacement. 4 The combination of an obturator nerve block with a femoral and sciatic nerve block has also been shown to be beneficial to patients recovering from a major knee surgery. Further clinical applications of an obturator nerve block include prevention of the obturator reflex during transurethral bladder tumor resections, relief of thigh adductor spasms in patients suffering 
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For anesthesiologists, the most important part of a mixed nerve is usually its sensory branches. In the case of the obturator nerve, there are 3 branches: (1) the articular branch to the hip joint; (2) the articular branch to the knee; and (3) the cutaneous branch to the medial thigh. 1, 8 The articular branch of the posterior division of the obturator nerve supplies the capsule of the knee joint with a fine terminal branch. The cutaneous branches supply the skin over the medial side of the thigh and above the medial side of the knee. These are very small nerve branches that originate from the anterior branch of the obturator nerve. 8, 9 Effective blockade of the common obturator nerve or of both its anterior and posterior branches at a high level includes sensory contribution of the articular branch for the knee and the cutaneous branches of the medial thigh. Therefore, we investigated the anatomic variability in the anterior and posterior branches of the common obturator nerve, especially because blockade of these 2 branches is of fundamental importance in daily clinical practice. Furthermore, the difficulty of implementing anesthesia at the hip joint, 10 as well as the controversy in the anatomical literature over the origin of the articular branch of the obturator nerve for the hip joint, 8, 9, 11, 12 led to the thorough anatomic examination of this nerve branch.
Until now, both clinical and radiological studies have demonstrated that the 3-in-1 technique provided poor and unpredictable obturator nerve blockade. 13, 14 Therefore, injecting local anesthetic around the obturator nerve separately was necessary to reliably block the nerve. Among the selective obturator nerve blockade techniques described at the level of the upper thigh and the inguinal region, Labat_s classical approach, 7, 15 seemed to localize the nerve more cranially as the nerve passed through the obturator canal. Although Labat_s technique is considered to be more uncomfortable and has a higher degree of complications (damage of bladder, rectum, spermatic tone, and hematoma) relative to Choquet_s inguinal approach, 7, 15 it has a greater probability of blocking the common obturator nerve before it divides into its anterior and posterior branches. According to our data, division of the common obturator nerve into its anterior and posterior branches was only extrapelvic in 25% of our specimens. In those cases, and with Choquet_s approach, the anterior and posterior branches of the obturator nerve must be blocked separately, with the former being situated at a more superficial position than the latter. Injection of a local anesthetic following localization either of the anterior or the posterior nerve branch may lead to incomplete nerve block, because each nerve is individually surrounded by thick fascia and the 2 branches are usually separated by some of the fibers of the obturator externus muscle.
Moreover, the anterior and posterior branches exhibit multiple branching patterns, which were widely distributed among the adductor muscles. Therefore, even though muscular contraction may be observed in 1 of these muscles with the neurostimulation technique, it is possible that this response may be due to stimulation of a subdivision, and not to the obturator nerve_s main branch. Thus, injection of the local anesthetic at this point may lead to an unsuccessful block. Additional complexity in innervation of the area may be caused by the presence of the accessory obturator nerve. When present, this accessory nerve always participates in innervation of the hip joint. 16 The contribution of the obturator nerve to the hip joint exhibits considerable variability concerning the number of branches involved, as well as the level of their origin. Indeed, the source of the articular branch could be the anterior or posterior branch, or common obturator nerve. However, because innervation of the hip joint most probably includes the articular branch that originates from the common obturator nerve, blocking of the anterior or posterior branches will result in incomplete anesthesia of the articular branch, which possesses a more cranial origin. Therefore, the very cephalad position of the needle along with the high volume of local anesthetic may increase the likelihood of successful anesthesia of this branch.
Recently, a few studies have been published that provide ultrasound identification of the common obturator nerve and its branches. 17Y20 However, in these studies, the number of the obturator nerve divisions was not widely investigated, and the muscles surrounding the nerve were not clearly defined. Moreover, the position of the common obturator nerve seems to be superficially below the skin_s surface. 17Y20 In another study, the transducer was placed just below the inguinal ligament such that the posterior branch and 3 subdivisions of the anterior branch of the obturator nerve were visualized. 21 Based on our anatomic observations, it is feasible that the very cephalad position of the obturator nerve bifurcation necessitates placement of the transducer very close to the inguinal crease where the common obturator nerve or its main branches are located. Instead, when the position of the probe is caudal, divisions or subdivisions and not the main trunk of the obturator nerve are likely to be identified. 17, 18 For this reason, in our series, the probe was positioned exactly below the level of the inguinal ligament and angulated 30-to 40-cranially. At this point, a thick fascia plane deep to the pectineus muscle was identified. The needle was then positioned within the thick fascia and led to successful localization of the obturator nerve or its main branches. Importantly, the nerve structures could not be visualized with this approach. Nevertheless, the deep thick fascia was successfully used as an Bimaging[ landmark for localization of the obturator nerve. This approach seemed to lead to successful localization of the common obturator nerve or its main branches (in 25% of cases, the common obturator emerged united from the obturator canal), because the ultrasound beam and the needle are directed cranially toward the exit of the obturator canal, and before the main branches of the obturator nerve bifurcate into subdivisions. Nevertheless, the high angulation of the transducer and the deep location of the nerve structures surrounded by thick fascia make the application of this approach difficult.
From the results described above, it is likely that the obturator nerve demonstrates a high degree of variability. Therefore, successful application of regional anesthetic techniques, based either on pertinent anatomic landmarks or ultrasound technology, must overcome certain problems. These challenges include the intrafascial course of the obturator nerve in the thigh, and the high variability and complicated branching patterns of the obturator nerve divisions and subdivisions displayed in the innervation of adductor muscles.
